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* Polarized Gluon Distribution: Ag(x)

— A key for understanding the nucleon’s spin
Theoretical and experimental uncertainties are large.

— Prompt photon, Heavy flavor production
observing cross section asymmetry A, |
« Polarized Fragmentation function: ADN(2)
— Our knowledge are very poor.

Spin transfer : A correlation between the spins
of initial and final particles

Connected to above objects for hadron production
in polarized proton collisions.
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Spm Transfer Studles

Experiments

— Studied only for A hyperon
— Significantly non-zero spin transfers have been observed.

E704 Collab., PRL 78, 4003 (1997).
E665 Collab., EPJ C17, 263 (2000).
HERMES Collab., PRD 64, 112005, (2005).

Theory

— AO D. de Florian et al., PRL81, 530 (1998); PLB439, 176 (1998).
Many by J. Soffer, W. Vogelsang, Bo-Q. Ma, M. Strarmann.

— 27 Xu Qing-Hua and Liang Zuo-Tang, PRD70, 034015 (2004).
— A/ K. Ohkuma, KS, T. Morii, PLB491, 117 (2000).

We extend this analysis to helicity-to-general spin correlations.
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- A/ baryon consists of heavy ¢ quark and anti-
symmetrically combined light u and d quarks.

: [ Polarization of A_* baryon } d

~ Polarization of ¢ quark

* Non-relativistic Quark Model
uTu T d ¢ Non-relativistic treatment breaks down.
sTutTdd ﬂ 5
cTuTdd

Non-relativistic picture might be applicable
X bTuTdl duetothe heavy quark mass.

> »~ > O

It is interesting whether this naive picture is valid.
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« c quark is not main constituent of proton

— cquark is produced in hard processes mainly through
gluon-gluon fusion

There is a correlation between the gluon polarization
:D and the produced c quark polarization

A/ 1s produced from ¢ quark fragmentation
— We have no knowledge about polarized FF.

— Spin flip effect is small due to heavy quark mass??
— Ansatz: AD(z) = C(z2)D(z), C(z) = z*

Measurement of A_* polarization gives us
Information about Ag(x) and/or AD(z) of A.*.
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What can be measured at RHIC

& mA " Unpolarized cross-section
. Ao
P, A » . f}, dQ(pl, p29 p39 p4)
./
pu N
" Only initial particles polarized = All particles polarized
do/. . = = . . do/. . = = . . = =
e L= o\ P& 5B B8 6
» Spin Asymmetries (examples):
\/Cross-section asymmetry: \/Spm transfer:
poo@EoD-o@ b= oGh=n-o@-E=-)
(5 & =D+0(5 ¢, =-1) o(§ & =D+to(5 ¢ =-1)
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Notation

L Spin transfer from initial L
\/’ (IT=L, S, Z, X)

Bt et —= =t
Oin —%un *Oin ~O%un

=D

it +i- —— —+ LIT
Oin TO0un T01n TO0un

- pQCD framework is available
in high energy
Y DLH — Z J‘d\lf_ilk_)[ﬁcx ®Afa(xa)® fb(Xb)®ADC(Z)
a,b,c
Q h -
gluon fusion < >
g9 —>qq Y Y
b q :
AR S ——— IR AN
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Spin transfer from initial L (/7 =L, S, Z, X):

i =

D = On — O TOn ~Oun — 4>

LIT =  __+:+ +;— —;— —;+ <+ 4
O TO0un TOn 01

In addition, following observables are introduced:

5+ ++;— —;— —+

GLH -0 tO 4 — 0O

o+ —i- —
O + GLH oy + GLH
i+ +—;— —;— —+
DY = Onm — GLH + J|_H — O\ — m—

— D, Is aweighted average of these parameters

Diio™ +Dpo"  1r.. —
D == = = [ D(1+ A+ D= Ay) |

o +o"

where A, =(c" -oc )/(c7+07)
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* Relation between A, and spin transfer D,

++ +— ++ +—
et +— ++ +—
o +0 D —D/,

AL

— Free from systematic errors due to relative luminosity monitoring

o Statistical Error

a . hyperon decay asymmetry parameter
2\/6 P : beam polarization

N : combined statistics in 3 measurements
aP|D,|VN

OA, ~

— This error is larger than that of “direct” A, measurement.

— If the systematic due to relative luminosity monitoring

rather than statistics is a key issue, these measurements
could be an option.
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LO spin transferinpt+pt - AS T +X at '\/S 200 GeV
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Polarized PDFs: AG(X, Q%)

AAC:

GRSV:

Polarized fragmentation function:

AD = C(z):-D(z)
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Model Dependence at v/s=200 GeV
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Ag(X) AAC: Y.Goto,etal., Phys. Rev. D62, 034017 (2000).
GRSV: M. Gl”uck, et al., Phys. Rev. D63, 094005 (2001).
BB: J.Bl”umlein, et al., Nucl. Phys. B636, 225 (2002).
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LO spin transferinpt+pt - A.,5t+X at v/s=500 Ge\/"

2GeV <p, <5GeV
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Behavior is similar to
cases at v/s=200 GeV.
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E,
Model Dependence at vs=500 GeV
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Ag(x) AAC: Y.Goto,etal., Phys. Rev. D62, 034017 (2000).
GRSV: M. Gl"uck, et al., Phys. Rev. D63, 094005 (2001).
BB: J.Bl”umlein, et al., Nucl. Phys. B636, 225 (2002).
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* Spin transfers for pp_>AC+ + X at RHIC are studied.
— Not only helicity correlation D, butalso D, ¢, D,,, D .

— Relation with asymmetry A, is derived.

« Significantly non-zero spin transfers are predicted.

— In the central region at v/s=200 GeV, the effect is expected
~5-15%, while RHIC statistical errors ~1%.
— The larger spin transfers, up to 20-50%, are expected at n ~2

and beyond.

* Information about Ag(x) and/or AD(z) can be

alternatively extracted.
— Spin transfers strongly depend on Ag(x) and AD(z).

— Spin structure of A_*is also interesting.
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